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Abstract 
Introductíon: Ballet dancers (BDs) have a negative energy balance related to physical training that 
results in alterations in body composition, sexual development, and adipokine secretion. Our aims were 
to study anthropometric parameters, body composition, and their relationship with adipokines 
throughout pubertal development. 
Subjects and methods: We carried out a prospective foliow-up study of 22 female Caucasian BDs (Tanner 
II stage) followed throughout puberty. Nutritional status was determined by measurement of height, 
weight, and body mass Índex (BMI). We calculated growth velocity, bone maturity, and body 
composition at Tanner stages II, III, and V by dual energy X-ray absorptiometry. Circulating leptin, 
adiponectin, and soluble leptin receptor (sObR) levéis were determined. 
Results: BDs presented a delay in skeletal maturation during puberty, without aífectation of final 
height. Energy intake was deficient according to their physical exercise, and they had a delay of 1 year 
in the mean age of menarche. Leptin levéis were decreased, whereas sObR and adiponectin levéis were 
increased throughout puberty. The percentage of trunk fat, total fat mass, and fat of the extremities 
was decreased throughout the study period (P<0.01). Lean mass was increased in the Iower 
extremities, and bone mineral density was normal. 
Conclusión: A negative energy balance together with maintained physical exercise induced 
modifications in body composition in BDs. Changes in leptin and adiponectin levéis appear to be 
more related to total fat content than to BMI. Furthermore, the onset and delayed progress of puberty 
may be related with an inadequate energy balance due to increased exercise. 
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Introductíon 
In high-performance female ballet dancers (BD), the 
intensity of exercise, low energy consumption, type 
and amount of training, early age at initiation, low 
percentage body fat favored for the aesthetic appeal 
and required for complex movements (1), as well as 
pathological feeding habits and psychological stress, 
have been suggested as potential factors accountable 
for the delayed puberty, menstrual irregularities, and 
reduced growth potential. Growth during puberty 
depends on nutritional status, hormonal regulation, 
and genetic and environmental factors (2). Among 
environmental factors that can alter growth and 
sexual maturat ion are low body fat, stress, and 
intensive physical training (3). Their influence has 
been documented in different sports, but there is 
limited information on BDs, who have speciflc 
training and performance requirements. As optimal 
nutritional intake relative to physical training regimes 
is essential for normal pubertal development, this 
could be a problem in adolescents with strenuous 
training programs, while trying to maintain a lean 
figure (4). Indeed, energy expenditure may modify the 
effects of these factors on growth rate, body 
composition, and the relative proportions of lean and 
fat body mass (5). 
Bone minera l density (BMD) is modified by 
exercise, nutrition, and dietary calcium intake (6). 
Cross-sectional studies have shown that high-impact 
weight-bearing activity is beneficial for the load-bearing 
sites of the skeleton (7). An increase in bone mass due 
to augmentation of bone size, density of skeletal áreas 
and bone turnover has been demonstrated in adoles-
cents performing intensive exercise. Indeed, strategies 
that enhance the acquisition of bone mass may be 
protective against osteoporosis (8). 
Adipose tissue secretes adipokines that particípate in 
energy balance, modulating insulin sensitivity, and 
lipid metabolism. Leptin appears to be important for 
pubertal onset and progression (9). Peripheral leptin 
levéis are influenced by body fat mass and distribution, 
changing as puberty progresses (10). This peptide acts 
as a satiety signal that stimulates energy expenditure 
regulating body weight (11), with these actions 
being modulated by a soluble receptor (12). Physical 
exercise increases adiponectin levéis (13) and the 
expression of its receptors in muscle (14), and this 
adipokine may have beneflcial effects on the cardio-
vascular system (15, 16). 
In BDs, serum leptin levéis may influence the onset of 
puberty, and adiponectin levéis may be related to the 
amount of exercise and lean mass (17). Thus, the aims 
of this study were as follows: i) to study weight, height, 
body mass Índex (BMI), growth velocity (GV), bone 
maturity, and the progression of puberty in BDs; ii) to 
analyze the levéis of adiponectin, leptin, and its soluble 
receptor in BDs throughout pubertal development; and 
iii) to determine body composition and its relationship 
with the above parameters. We hypothesized that BDs 
have delayed pubertal development due to their 
increased level of exercise and energy expenditure that 
results in modiflcations in body composition and 
changes in circulating leptin levéis. 
Subjects and methods 
Subjects 
We carried out a prospective follow-up study of 22 
female Caucasian adolescent BDs of the 'Conservatorio 
Nacional de Danza' in Madrid, Spain, with a mean age 
of 11.3+0.8 years, and 30 healthy girls at different 
stages of puberty (with a mean age of 10.5 + 1.4, 
11.9 + 1.6, and 15.1 + 1 years at Tanner stages II, III, 
and V respectively). BDs were enrolled in the study at 
Tanner stage II and followed during pubertal develop-
ment, and the control group, consisting of females at 
different stages of puberty (II, III, and V), was recruited 
from a local school. Control girls (normal height and 
weight for age) were matched by age and weight to the 
BDs. BDs performed more than 18 h of exercise per 
week, and the control group performed < 3 h/week. No 
participant had any illness requiring medical treatment 
that could potentially affect bone metabolism. The study 
protocol was approved by the institution's ethics 
committee, and informed written consent was obtained 
from the girls and their parents. 
Methods 
Nutritional and auxological evaluation After the 
baseline study, BDs were evaluated every 6 months 
during 36 months in the different Tanner stages. 
Medical and physical examinations were performed 
at every visit. Nutritional status was determined by 
anthropometric measurements: height, measured by 
using a stadiometer (Holtain Ltd, Crymych, UK), weight 
on a SECA scale, and BMI, calculated as body weight 
(kg) divided by the squared standing height (m2). 
All anthropometric measurements are expressed as 
SDS for age and sex referred to a normal Spanish 
population (18). Growth velocity (GV) was determined 
in cm/year and expressed in SDS for the chronological 
age. The target height in SDS was determined according 
to the following formula: target height = mother's 
height+ father's height —13/2, and the difference 
between the target height and the height (SDS) of 
each BD at each moment of the follow-up was 
calculated. Bone age (BA) was assessed annually with 
an X-ray of the left hand and wrist and determined 
according to the method of Greulich & Pyle (19). Food 
intake was evaluated by using a 5-day (including 
Sunday) recall survey. Nutrient composition data 
were analyzed with the software package Nutritionist 
IV (San Bruno, CA, USA) (20). 
Biochemical measurements Blood samples were 
collected after overnight fasting at 0800 h every 6 
months during the study. Serum leptin and leptin 
soluble receptor levéis were measured according to the 
manufacturer's directions by RÍA and ELISA respect-
ively (Millipore, St Charles, MO, USA and BioVendor 
Laboratory Medicine, Brno, Czech Republic) and as 
previously reported (10). Adiponectin levéis were 
analyzed as previously reported (15) by RÍA (Millipore). 
Intra- and interassay coefflcient of variation (CV) were 
below 10% for all assays. 
Bone density, body fat, and lean mass These 
parameters were evaluated at baseline (Tanner II) 
and Tanner III and V by whole-body and by dual 
energy X-ray absorptiometry (QRD-4500W, Hologic, 
Waltham, MA, USA) using a standard procedure. 
The anatomical regions that were explored included 
the trunk, arms, legs, and total body. The in vivo CV 
using this technique was below 3% at each speciflc 
regional site. This corresponded to a S.D. of ~ 4 1 5 g for 
fat mass and 933 g for fat-free mass (21). BMD (g/cm2), 
quantifled as projected vertebral área of lumbar spine 
vertebrae (LSv) from Ll to L4, femoral neck (FN), 
femoral trochanter región, intertrochanter región, and 
Ward's triangle (WT) were measured at the different 
stages of puberty. Volumetric BMD of the lumbar spine 
(LSvBMD, g/cm ) was calculated according to Carter's 
method (22). The results of fat mass are expressed in 
kilograms, and the percentage of regional fat mass 
was calculated to analyze the differences between 
central (trunk) and peripheral (extremity) distribution 
of fat tissue. The percentage of trunk fat (PTF), 
percentage of extremity fat (PEF), and ratio of trunk 
fat to extremity fat (RTEF) were calculated using the 
following formulas: PTF, total trunk fat/total fatX 100; 
PEF, (upper + lower extremities fat/total fat)X 100; and 
RTEF, PTF/PEF. In addition, total lean mass (kg) was 
measured in the same anatomical locations as fat and 
the percentage of body fat were also calculated. 
Percentage of extremity lean mass was also calculated. 
In the control group, these variables were also analyzed 
and calculated. 
Statistical analysis 
Results are expressed as mean + s.D. The normal 
distribution of each parameter in all groups was 
assessed, and differences between controls and BDs 
were analyzed by paired Student's í-test if a normal 
distribution was previously obtained, or by Wilcoxon 
paired sample test if not. Comparison of baseline 
measurements and changes over time in BDs were 
made by ANOVA with repeated measures, followed 
by Bonferroni's post hoc test. Pearson's correlation 
coefflcient was used to investígate the association 
between the parameters studied. The level of signi-
flcance chosen was P<0 .05 . Data were analyzed 
using SPSS (15.0) for Windows (Maplnfo Corporation, 
Troy, NY, USA). 
Results 
Clinical data and puberty 
Anthropometric parameters and BA are shown in 
Table 1. During the follow-up period, BMI showed 
a recovery (P<0.05) at 36 months in BDs. GV 
was normal, and BA was delayed during the study 
( — 0.5 + 0.8 years). Total height gain was 7 + 3 cm 
(range: 1.7-23.7 cm). The interval between the onset of 
puberty in this group and the age at which menarche 
occurred was 2.5 + 1.0 years (range: 1.6-4.4). The 
mean age for menarche was 13.3 + 0.4 years of 
chronological age (range: 12.1-16.6 years) and 
13.0+1.0 years of BA. In the control group, the 
mean age for menarche was 1 2 + 0 . 1 years of 
chronological age and 12.0 + 0.5 years of BA. At 36 
months, 70% of the BDs had reached menarche. 
There was a progressive improvement in the height 
prognosis during monitoring, and at 36 months it 
was 0.6 + 0.7 SDS with respect to the target height. 
Caloric intake was found to be insufflcient for physical 
exercise performed in BDs, according to the guidelines 
of the Food and Nutrition Board of the Institute of 
Medicine of the National Academy, Washington, DC, 
USA (20). 
Biochemical data 
At baseline, leptin levéis (Fig. 1A) and the ratio of 
leptin/soluble leptin receptor (L/sObr ratio; Fig. 1C) 
were signiflcantly lower in BDs than in controls, and 
leptin receptor (sObr) levéis (Fig. IB) were signiflcantly 
higher in BDs than in controls. During follow-up there 
was an increase in leptin and the L/sObr ratio (Fig. 1C) 
and a decrease in sObr (Fig. IB). 
At Tanner stage II, there was a positive correlation 
between leptin levéis and total body fat (r= 0.777, 
P<0 .05 ; r=0.594, P<0.01) and BMI (r = 0.521, 
P<0.05; r = 0.62, P<0 .05 in the control group and 
BDs respectively). There was also a correlation 
between the L/sObr ratio and total fat (r= 0.501, 
P<0.05) and trunk fat (r=0.58, P<0.01) in the 
BDs and with lower extremity fat (r= 0.821, P<0 .01 ; 
r= 0.475, P<0 .05 in both the control group and BDs 
respectively). In BD at Tanner III, leptin levéis positively 
correlated with total body fat(r = 0.521,P<0.05) and 
lower extremity fat (r = 0.547, P<0.05), and in BD at 
Tanner V, leptin levéis positively correlated with lower 
extremity fat (r=0.879, P<0.05). We did not find a 
relationship between leptin or L/sObr ratio with age 
of menarche. 
Adiponectin levéis were elevated in BDs during the 
different stages of puberty compared to controls 
(P<0.01), and there was an increase at Tanner V 
with respect to baseline levéis (P<0.01; Fig. ID). There 
was a positive correlation between adiponectin and 
lean mass at Tanner II in both controls (r=0.817, 
P < 0.007) and BDs (r= 0.481, P<0.02). Furthermore, 
we found a positive correlation between adiponectin 
Table 1 Anthropometric parameters and bone age in ballet dancers. 
CA (yr) BMI (SDS) H (SDS) 
TH-H 
(SDS) GV (cm/yr) 
GV (SDS 
for CA) BA BA-CA 
Energy intake 
(kcal/day) 
Basal 
12 months 
24 months 
36 months 
11.3+0.8 
12.2 + 0.8 
13.0 + 0.8 
14.1+0.8 
-0 .8 + 0.5 
-0 .4 + 0.8 
-0 .5 + 0.5 
-0 .3 + 0.6* 
-0 .3 + 0.8 
-0 .4 + 1.1 
-0.09 + 0.9 
0.03 + 1.1* 
-0 .1+0.9 
-0 .4 + 0.8 
-0 .6 + 0.7* 
-0 .6 + 0.6* 
6.8 + 0.4 
6.8 + 0.3 
3.6 + 0.6 
0.9 + 1.6 
1.2 + 1 
1.1+1.9 
10.6 + 0.5 
11.5 + 0.5 
12.4 + 0.6 
13.6 + 0.6 
-0 .7 + 0.7 
-0 .6 + 0.8 
-0 .5 + 0.8 
-0 .5 + 1.0 
2192 + 414 
2107 + 377 
2077 + 371 
1834 + 235 
*P<0.05 intra-group at different moments with baseline. yr, year; cm, centimeter; CA, chronological age; BA, bone age; BMI, body mass Índex; GV, growth 
velocity; H, height; W, weight; TH, target height. 
o Controls o Controls 
12 # - B D 
j= 40 
O 20 
Tanner Tanner 
0.6 i 
% 0.4 
Q 
n Controls 
30
 n 
S 20 
o Controls 
Tanner 
Figure 1 Leptin (A), sObr (B), L/sObr 
ratio (C), and adiponectin (D) in ballet 
dancers throughout puberty. *P<0 .05 
compared within same group at different 
moments with baseline; *P<0 .05 
compared with the control group; 
*P<0 .05 , * * P < 0 . 0 1 ; *P<0.05 , 
* * P < 0 . 0 1 . 
levéis and BMD in both controls and BDs at Tanner II 
0=0 .775 , P<0.05; r = 0.839, P<0 .01 respectively) 
and at Tanner III (r= 0.438, P<0.04) in the BD group, 
as well as a negative correlation between adiponectin 
levéis and total fat mass ( r = - 0 . 4 3 0 , P<0.05) at 
Tanner II. 
Body composition 
Body fat mass and regional fat distributions are 
shown in Table 2. Total fat and trunk and extremity 
fat mass were decreased in BDs throughout the study 
period. The PTF was decreased at all time points 
(P<0.01), with a normal PEF. The RTEF was also 
diminished throughout the study (P<0.01). 
Total lean mass and lean mass of the lower 
extremities (LEs) were elevated with respect to the 
control group at Tanner II, but total lean mass returned 
to normal valúes at Tanner III with a persistent increase 
of lean mass in LE (Table 2). 
Total body BMD and the BMD in all locations that 
were analyzed (LSv from Ll to L4, FN, femoral 
trochanter, intertrochanter región, and WT) were normal 
when compared to the control group (data not shown). 
Table 2 Total and regional fat mass and lean mass distribution in ballet dancers. 
Fat mass (kg) 
Trunk fat (kg) 
UEF (kg) 
LEF (kg) 
PTF (%) 
PEF (%) 
RTEF 
Lean mass (kg) 
UEL (kg) 
LEL (kg) 
PEL (%) 
Tanner 
Control 
10.2 + 4.3 
2.3 + 0.9 
1.4 + 0.9 
4.7 + 2.1 
36.1+5.3 
59.5 + 3.5 
0.58 + 0.08 
23.9 + 2.9 
2.1+0.2 
8.3 + 1.0 
43.9 + 1.0 
II 
BD 
4.9 + 2.6* 
1.6 + 0.7* 
0.6 + 0.4* 
2.3 + 1.0* 
30.1 +5.8* 
62.6 + 16.4 
0.50 + 0.10* 
27.1 +4.5* 
2.5 + 0.5* 
10.1+1.7* 
46.9 + 3.7* 
Tanner 
Control 
14.6 + 3.7 
4.4 + 3.2 
1.3 + 0.3 
4.9 + 1.1 
38.4 + 3.7 
58.3 + 5.3 
0.61 +0.06 
30.1+3.5 
2.8 + 0.5 
9.4 + 1.1 
43.2 + 1.4 
III 
BD 
7.4 + 12.2* 
2.6 + 1.0* 
0.9 + 0.4* 
3.7 + 1.3* 
32.1 +2.7* 
57.6 + 3.3 
0.54 + 0.06* 
30.4 + 3.3 
2.7 + 0.3 
10.9 + 1.5* 
45.1 +2.0* 
Tanner 
Control 
15.1+3.5 
6.0 + 1.3 
1.8 + 0.5 
6.7 + 1.8 
39.7 + 3.6 
56.9 + 3.4 
0.72 + 0.11 
37.0 + 4.0 
3.0 + 0.3 
11.8 + 0.7 
43.0 + 2.8 
V 
BD 
10.5 + 3.9* 
3.7 + 1.6* 
1.2 + 0.6* 
4.3 + 1.6* 
35.1+3.9* 
56.9 + 3.4 
0.62 + 0.10* 
34.2 + 3.5 
2.9 + 0.3 
13.0 + 1.1* 
46.2 + 2.3* 
*P<0.05 compared within the same group at different moments with baseline; tP<0.05 compared with control group; *P<0.01 compared with control group; 
UEF, upper extremity fat; LEF, lower extremity fat; PTF, percentage of trunk fat; PEF, percentage of extremity fat; RTEF, ratio of trunk fat to extremity fat; 
L, lean; UEL, upper extremity lean; LEL, lower extremity lean; PEL, percentage of extremity lean. 
Discussion 
Our results demónstrate that BDs exhibit a speciflc 
pattern of growth and pubertal development, and that 
despite the observed delay in skeletal maturation and 
pubertal progress at the onset of the study, the final 
height was not affected. We found that BDs had a 
deficient energy intake for the physical exercise 
performed, a delay in bone maturation that decreased 
during pubertal evolution, and a normal GV. There was 
also a delay of 1 year in the age at menarche. As bone 
maturation progresses slowly over a long period of time, 
adequate compensatory catch-up growth may explain 
the recovery of growth potential as puberty progressed. 
Georgopoulos et al. (23) demonstrated that rhythmic 
gymnasts compénsate for their loss of the pubertal 
growth spurt by late acceleration of linear growth. 
Furthermore, despite this delay in skeletal maturation, 
the genetic predisposition for growth is not only 
preserved, but may even be exceeded (24). Courteix 
et al. (25) showed that élite rhythmic gymnasts have a 
decrease in body fat and low energy balance, and this 
could delay puberty. Indeed, élite rhythmic gymnasts 
and BDs exhibit a pattern of growth characterized by a 
delay in skeletal maturation and pubertal development 
(1, 26), as we found here. 
The BD group presented alterations in body fat, both 
in content and distribution. BDs lose less fat in the 
trunk, with this being similar to what we previously 
reported in patients with anorexia nervosa (AN) and 
modérate prolonged malnutrition (21). The RTEF is 
used to evalúate body fat distribution, and it has been 
reported that adolescents with AN and a BMI below — 2 
SDS with chronic malnutrition have low RTEF, due to a 
greater reduction in trunk fat mass (21). These findings 
of body fat distribution are similar to those reported 
here. Thus, BDs have a normal BMI, but a prolonged 
decrease in body fat. This observation supports the 
hypothesis that the duration of decreased body fat is the 
main determinant in the changes of fat distribution. 
The preservation of trunk fat in BDs may be related with 
the pattern of distribution, similar to female anorectic 
girls. It has been postulated that in adult anorectic 
females, the marked hypercortisolemia could influence 
central fat distribution (2 7). In addition, altered GH secre-
tion dynamics in these patients (28) could be involved 
in fat distribution; unfortunately we did not perform 
studies of GH secretion and cortisol levéis in BDs. 
BMD in BDs is normal throughout the study period. 
In fact, modérate physical activity favors bone mineral-
ization and reduces the rate of bone loss (6). Daly et al. 
(29) showed that during training, rhythmic gymnasts 
experience frequent high-impact stress on the upper 
and lower extremities. Although the delay in sexual 
development may adversely affect bone quality and 
functional strength, exercise has benefits similar to 
weight-bearing on bone mass accretion during adoles-
cence and young adulthood. 
Insufficient caloric intake for the level of physical 
activity has been proposed as a factor in the génesis of 
exercise-associated reproductive dysfunction and osteo-
penia, and this may be an adaptive response to chronic 
low energy intake (30). The exercise performed by BDs 
could alter leptin reléase and may lead to a reduction in 
GnRH, LH, and FSH secretion, and subsequently, 
reduced ovarían estrogens (31). We found that the 
total fat mass content and fat content in all locations 
that were analyzed were lower in BDs when compared 
to controls. This is probably caused by intensive exercise 
and undernutrition, and this could help to explain why 
BDs have a delay in both bone maturation and the age 
at menarche. 
A critical minimum amount of body fat is necessary 
for resumption of menses in malnourished states and for 
the beginning of puberty (32). Indeed, the increase in 
leptin levéis after fat mass recovery is one of the 
determinants of menses resumption (33). These findings 
support the hypothesis that a critical fat mass is 
necessary for the recuperation of menstrual function, 
and that leptin plays a relevant role in gonadal 
function (34). Different studies performed in élite 
female athletes show that reduced leptin levéis may be 
related to an insufficient nutritional intake, although 
this decrease could also be influenced by physical 
activity (35). Kaufman et al. hypothesized that the 
correlation between low resting metabolic rate, leptin 
levéis and bone density may be related to nutritional 
habits in BDs (34). Similarly, we showed that leptin 
could be implicated in the pubertal delay in rhythmic 
gymnasts (3). 
Serum leptin receptor levéis in BDs are increased, 
and this may represent a protective mechanism 
that decreases free leptin bioavailability, which could 
represent further energy conservation (36). In lean 
males, including those physically active, leptin receptor 
concentrations are increased, which results in low free 
leptin concentrations. Thus, sObR levéis may be an 
indirect Índex of free leptin levéis and useful in the 
comparison of physically active and lean people (36). 
According to the leptin receptor and leptin levéis 
found in this and other studies, lean people with 
higher sObR and lower leptin levéis do not display the 
leptin resistance phenomenon that occurs in obese 
subjects (37). 
Serum adiponectin concentrations are high in 
constitutionally thin individuáis and low in obese people 
(38). We found that adiponectin levéis were increased in 
BDs, with a further increase during puberty. Okamoto 
et al. (39) demonstrated that adiponectin levéis are 
negatively associated with BMI and fat content. The 
mechanisms implicated in the regulation of adiponectin 
remain unknown, but exercise increases adiponectin 
levéis (16, 40), as shown here. Furthermore, we found 
that lean mass is higher in BDs, and that there is a 
positive correlation between adiponectin levéis and lean 
mass. This could also be a direct result of exercise, as it 
increases the expression of adiponectin and its receptors 
in muscle (13). Moreover, the change in lean mass 
distribution with an increase in the lower extremities 
may be due to the type of intensive training. 
Adiponectin is negatively correlated with body weight 
and central adiposity, and its receptors are present in 
human bone-forming cells, suggesting that adiponectin 
may link bone and fat metabolism (14). Richards et al. 
(41) found that in nondiabetic women, the increase 
in adiponectin is associated with a decrease in BMD. 
In contrast, we found a positive relationship between 
adiponectin and BMD, with high serum adiponectin 
levéis and normal BMD, possibly due to the intense 
exercise. Exercise increases adiponectin levéis, and this 
may maintain a normal BMD in BDs. It has been 
reported that adiponectin promotes osteogenesis, 
increasing osteogenic markers and augmenting osteo-
blast differentiation (42). 
One caveat that should be taken into consideration 
when evaluating these results is that the control 
subjects were from a cross-sectional population, while 
the BDs were followed prospectively. Although it could 
be of interest to follow the parallel evolution of both 
groups, the control population used in this study may 
present some advantages, especially regarding com-
parable anthropometric characteristics at a given age. 
In addition, in this study design, we were able to 
maintain the number of control subjects at each 
time point. 
Here, we demónstrate that a negative energy balance 
together with maintained physical exercise induced 
modiflcations in body composition in BDs. Changes in 
leptin and adiponectin levéis appear to be more related 
to total fat content than to BMI. Finally, the onset 
and delayed progress of puberty may be related to an 
inadequate energy balance due to intense physical 
exercise. 
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